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[0001] This application claims the benefit of the Korean Application No. P2003-24896 filed on 
April 19, 2003, which is hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0002] The present invention relates to a liquid crystal display (LCD) device, and more 
particularly, to an In-Plane switching mode liquid crystal display (LCD) device and a method of 
manufacturing the same. 

Discussion of the Related Art 
[0003] As an information society develops, so does the demand for various types of displays. ■ 
Recently, efforts have been made to research and develop various types of flat display panels, 
such as Liquid Crystal Display (LCD), Plasma Display Panel (PDP), Electroluminescent Display 
(ELD ), Vacuum Fluorescent Display (VFD), and the like. An LCD is widely used as a 
substitution for a Cathode Ray Tube (CRT) because the LCD has the characteristics or 
advantages of high quality image, light weight, shallow depth, compact size, and low power 
consumption. An LCD is applicable for use in devices that receive display signals, such as a 
television, computer monitor, and the like. Various technical developments for different types of 
LCD have been made such that LCDs play a role as an image display in various fields. 
However, in order for an LCD to be used as a general display device in a variety of various 
fields, the LCD needs to realize a high quality image that has high resolution, high brightness, 
and wide screen, as well as, maintain the characteristics of light weight, shallow depth, compact 
size, and low power consumption. * 
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[0004] In general, an LCD device includes an LCD panel for displaying a picture image, and a 
driving part for applying a driving signal to the LCD panel. The LCD panel includes first and 
second glass substrates that are bonded to each other with a predetermined gap therebetween, 
and a liquid crystal layer positioned in the gap between the first and second glass substrates. The 
first glass substrate (TFT array substrate) includes a plurality of gate lines, a plurality of data 
lines, a plurality of pixel electrodes, and a plurality of thin film transistors. The plurality of gate 
lines are formed on the first glass substrate at fixed intervals. The plurality of data lines are 
formed at fixed intervals and are perpendicular to the plurality of gate lines. The plurality of 
pixel electrodes, arranged in a matrix-type configuration, are respectively formed in pixel regions 
defined between the plurality of gate and the plurality of data lines. The plurality of thin film 
transistors are switched in accordance with signals on the gate lines such that signals on the 
respective data lines are transmitted to the respective pixel electrodes. 
[0005] The second glass substrate (color filter substrate) includes a black matrix layer that 
excludes light from specific regions except for the pixel regions of the first substrate. An R/G/B 
color filter layer for displaying various colors is positioned in the black matrix layer. A common 
electrode is also positioned on the second glass substrate (color filter substrate) to obtain the 
picture image. 

[0006] The LCD device is driven according to optical anisotropy and polarizability of the 
liquid crystal. Liquid crystal molecules have directional orientation characteristics because each 
of the liquid crystal molecules has a long thin shape. An applied electric field can control the 
alignment direction of the liquid crystal molecules. The alignment direction of the liquid crystal 
molecules is controlled by the electric field such that the light is refracted along the alignment 
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direction of the liquid crystal molecules by the optical anisotropy of the liquid crystal, thereby 
displaying a picture image. 

[0007] There are various types of liquid crystal displays. In particular, an Active Matrix Liquid 
Crystal Display (AM-LCD) contains thin film transistors that are respectively connected to pixel 
electrodes. The pixel electrodes, which are on one substrate, are arranged in a matrix and 
confront a common electrode, which is on the other substrate. The pixel electrodes and common 
electrodes drive liquid crystal molecules by applying an electric field between the substrates in a 
direction vertical to the substrates. The AM-LCD provides excellent resolution for displaying 
moving images. 

[0008] FIG. 1 is an exploded perspective view illustrating a general twisted nematic (TN) mode 
LCD device of the related art. As shown in FIG. 1, the TN mode LCD device includes a lower 
substrate 1 and an upper substrate 2 bonded to each other with a predetermined gap 
therebetween. A liquid crystal layer 3 is positioned in the gap between the lower substrate 1 and 
the upper substrate 2. More specifically, the lower substrate 1 includes a plurality of gate lines 4, 
a plurality of data lines 5, a plurality of pixel electrodes 6, and a plurality of thin film transistors 
T. The plurality of gate lines 4 are formed on the lower substrate 1 in one direction at fixed 
intervals. The plurality of data lines 5 are formed in a direction perpendicular to the plurality of 
gate lines 4 at fixed intervals. A plurality of pixel regions P are defined between the plurality of 
gate lines 4 and the plurality of data lines 5. A plurality of pixel electrodes 6 are respectively 
formed in the pixel regions P. A plurality of thin film transistors T are respectively formed at 
crossings of the plurality of gate lines 4 and the plurality of data lines 5. The upper substrate 2 
includes a black matrix layer 7 that excludes light from specific regions except for the pixel 
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regions P, R/G/B color filter layer 8 for displaying various colors, and a common electrode 9 for 
displaying a picture image. 

[0009] The thin film transistor T includes a gate electrode, a gate insulating layer (not shown), 
an active layer, a source electrode, and a drain electrode. The gate electrode for the thin film 
transistor T projects from the gate line 4. The gate insulating layer (not shown) is formed on an 
entire surface of the lower substrate. Then, the active layer of the thin film transistor T is formed 
on the gate insulating layer above the gate electrode. The source electrode for the thin film 
transistor T projects from the data line 5, and the drain electrode is formed opposite to the source 
electrode. The aforementioned pixel electrode 6 is connected to the drain electrode and is 
formed of transparent conductive metal having great transmittance, such as indium-tin-oxide 
(ITO). 

[0010] In the aforementioned LCD device, liquid crystal molecules of the liquid crystal layer 3 
positioned on the pixel electrode 6 are aligned in response to a signal applied via the thin film 
transistor T. Light transmittance is controlled according to alignment of liquid crystal, thereby 
displaying a picture image. In other words, an LCD panel drives the liquid crystal molecules by 
an electric field perpendicular to the lower and upper substrates. This method obtains great 
transmittance and high aperture ratio. Also, it is possible to prevent liquid crystal cells from 
being damaged by static electricity since the common electrode 9 of the upper substrate 2 serves 
as the ground. However, by driving the liquid crystal molecules with an electric field that is 
perpendicular to the lower and upper substrates, it is difficult to obtain a wide viewing angle. 
[0011] In order to overcome this narrow viewing angle problem, an In-Plane switching mode 
LCD device is used. A related art In-Plane Switching (IPS) mode LCD device will be described 
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with reference to the FIGs. 2-6. FIG. 2 is a cross-sectional view illustrating electric field and 
alignment direction of liquid crystal in a related art In-Plane switching mode LCD device. 
[0012] In the related art In-Plane switching mode LCD device, as shown in FIG. 2, a common 
electrode 13 and a pixel electrode 15 are formed on the same plane of a lower substrate 10. 
Then, the lower substrate 10 is bonded to an upper substrate 20 with a predetermined gap 
therebetween. The liquid crystal 3 is positioned in the gap between the lower substrate 10 and 
the upper substrate 20. The liquid crystal 3 is driven by an electric field formed between the 
common electrode 13 and the pixel electrode 15 on the lower substrate 10. 
[0013] FIG. 3 A and FIG. 3B illustrate the alignment direction of liquid crystal when a voltage 
is turned of£7on in the related art In-Plane switching mode LCD device. 
[0014] FIG. 3A illustrates the related art In-Plane switching mode LCD device when the 
voltage is turned off. That is, an electric field, which is parallel to the lower and upper 
substrates, is not applied to the common electrode 13 or the pixel electrode 15. Accordingly, 
there is no change in alignment of the liquid crystal 3. 

[0015] FIG. 3B illustrates the related art In-Plane switching mode LCD device when the 
voltage is turned on. That is, an electric field, which is parallel to the lower and upper substrates, 
is generated between the common electrode 13 and the pixel electrode 15. Accordingly, 
alignment of the liquid crystal 3 is changed. In more detail, the alignment of the liquid crystal 3 
is twisted at 45° as compared to the alignment of liquid crystal when the voltage is turned off. 
During the on state, the twisted direction of liquid crystal adjacent to the lower substrate is 
identical to the horizontal direction of the common electrode 13 and the pixel electrode 15. 
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[0016] As mentioned above, the related art In-Plane switching mode LCD device has the 
common electrode 13 and the pixel electrode 15 on the same plane. Thus, it has advantageous 
characteristics, such as a wide viewing angle. For example, along a front direction of the In- 
Plane switching mode LCD device, a viewer can have a viewing angle of 70° in all directions 
(i.e., lower, upper, left, and right directions). Furthermore, the related art In-Plane switching 
mode LCD device has simplified fabrication process steps, and reduced color shift. However, 
the related art In-Plane switching mode LCD device has the problems of low light transmittance 
and low aperture ratio since the common electrode 13 and the pixel electrode 15 are formed on 
the same substrate. 

[0017] In the meantime, the related art In-Plane switching mode LCD device forms the 
different electric fields according to arrangement of the respective electrodes. FIG. 4A and FIG. 
4B illustrate the electric field according to arrangements of the respective electrodes. 
[0018] Referring to FIG. 4A, the common electrode 13 and the pixel electrode 15 are 
positioned at a predetermined interval so as to be completely in between the lower and upper 
substrates (not shown). When a voltage signal is applied to the common electrode 13 and the 
pixel electrode 15 so as to generate a voltage difference between the two electrodes, an electric 
field, parallel to the substrates, having no distortion is generated directly between the common 
electrode 13 and the pixel electrode 15. 

[0019] Referring to FIG. 4B, the common electrode 13 and the pixel electrode 15 are formed 
on only one of the lower and upper substrates (not shown) at a predetermined interval 
therebetween so as to leave a space between the electrodes and the other substrate. When a 
voltage signal is applied so as to generate a voltage difference between the two electrodes 13 and 
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15, an electric field parallel to the substrate above the common electrode 13 and the pixel 
electrode 15 have curved distortions at portions adjacent to the common electrode 13 and the 
pixel electrode 15. 

[0020] The arrangement of the respective electrodes shown in FIG. 4A is ideal for the drive of 
liquid crystal in the In-Plane switching mode LCD device. However, the arrangement of the 
electrodes shown in FIG. 4A has difficulties in the manufacturing process, such as positioning 
the liquid crystal in the gap between the substrates. That is, when forming the two electrodes 
according to the arrangement shown in FIG. 4 A, it is impossible to inject the liquid crystal 
between the lower and upper substrates. Meanwhile, as shown in FIG. 4B, in case of the general 
In-Plane switching mode LCD device forming the common electrode 13 and the pixel electrode 
15 on any one of the lower and upper substrates, a great voltage difference between the common 
electrode 13 and the pixel electrode 15 is required to form the electric field parallel to the lower 
and upper substrates adjacent to an upper substrate from which the electrodes are separated, 
thereby causing the problem of increased power consumption. 

[0021] Hereinafter, alignment of liquid crystal before and after applying the voltage to the 
electrodes of the related art In-Plane switching mode LCD device will be described as follows. 
FIG. 5 is a plane view illustrating the related art In-Plane switching mode LCD device. FIG. 6A 
and FIG. 6B are cross-sectional views illustrating alignment of liquid crystal before and after 
applying the voltage along the line I-F of FIG. 5. As shown in FIG. 5, FIG. 6A and FIG. 6B, the 
related art In-Plane switching mode LCD device includes a lower substrate 10, an upper 
substrate 20 facing the lower substrate 10, and a liquid crystal layer formed between the lower 
substrate 10 and the upper substrate 20. 
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[0022] Referring to FIG. 5, a gate line 1 1 and a data line 12 cross each other on the lower 
substrate 10 to define a pixel region. Then, a common electrode 13 and a pixel electrode 15 are 
formed at a predetermined interval within the pixel region. A thin film transistor TFT is formed 
within the pixel region on the lower substrate 10. The thin film transistor TFT includes a gate 
electrode 1 la, a gate insulating layer (for reference, '14' of FIG. 6 A and FIG. 6B), a 
semiconductor layer 18, a source electrode 12a and a drain electrode 12b. The gate electrode 1 la 
projects from the gate line 1 1. The gate insulating layer is formed on an entire surface of the 
lower substrate 10 including the gate electrode 1 la. The semiconductor layer 18 is formed 
overlapping the gate electrode 1 la. The source electrode 12a projecting from the data line 12 is 
formed at a predetermined interval from the drain electrode 12. The source electrode 12a and 
drain electrode 12b are formed at both sides of the semiconductor layer 18. The drain electrode 
12b of the thin film transistor TFT is connected with the pixel electrode 15. 
[0023] The common electrode 13 is formed at a predetermined interval from the pixel electrode 
15. The common electrode 13 may be simultaneously formed when forming the gate line 1 1 or 
the data line 12. In the drawings, the common electrode 13 is formed in the same layer as the 
data line 12. Furthermore, a passivation layer 16 is formed between the data line 12 and the 
pixel electrode 15. The passivation layer (for reference, ' 16' of FIG. 6A and FIG. 6B) is formed 
of the same material as the gate insulating layer 14, such as an inorganic insulating layer of SiNx 
or SiOx, or an organic insulating layer of acryl, polyimide, BenzoCycloButene (BCB) or photo 
polymer. 

[0024] Subsequently, a first alignment layer 17 is formed on the entire surface of the lower 
substrate 10 including the passivation layer 16 and the pixel electrode 15. Thus, when the 
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common electrode 13 receives a voltage signal from a common line 19, and a voltage signal is 
applied to the pixel electrode 15 through the drain electrode 12b, an electric field parallel to the 
substrates is generated to drive the liquid crystal. 

[0025] The upper substrate 20 includes a black matrix layer 21, a color filter layer 22, and a 
second alignment layer 23. The black matrix layer 21 is formed to correspond to specific regions 
of the lower substrate except for the pixel regions, thereby preventing light leakage in the 
specific regions. A color filter layer 22 is formed within the black matrix layer 21 to obtain 
R/G/B color throughout the pixel regions. The second alignment layer 23 is formed to so as to 
define initial orientation of the liquid crystal. 

[0026] The first alignment layer 17 and the second alignment layer 23 are respectively formed 
on the entire surfaces of the lower substrate 10 and the upper substrate 20 to define the initial 
orientation of the liquid crystal. Accordingly, liquid crystal molecules adjacent to the first 
alignment layer 17 and the second alignment layer 23 are oriented in accordance with the 
alignment direction of the first and second alignment layers. 

[0027] Referring to FIG. 6A, before applying the voltage, the orientation of the liquid crystal is 
determined by the rubbing direction of the first alignment layer 17 and the second alignment 
layer 23, respectively formed on the lower substrate 10 and upper substrate 20. Accordingly, as 
shown in FIG. 6A, the liquid crystal molecules positioned along the vertical direction of the 
common electrodes 13 and pixel electrodes 15 have similar round shapes. As shown in FIG. 6 A, 
before applying the voltage, the related art In-Plane switching mode LCD device operates in a 
Normally Black, whereby it is impossible to perform light transmission. 
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[0028] Referring to FIG. 6B, when the voltage is applied to the common electrode 13 and the 
pixel electrode 15, the electric field generates between the common electrode 13 and the pixel 
electrode 15 formed on the same substrate. Thus, the liquid crystal molecules are aligned along 
the electric field formed between the common electrode 13 and the pixel electrode 15. In this 
case, the liquid crystal molecules positioned along the vertical direction to the common electrode 
13 and the pixel electrode 15d have a long elliptical shape in this view rather than the circular 
shape of the original form of liquid crystal molecule since the direction of the liquid crystal 
molecules has been changed. 

[0029] After applying the voltage to the general In-Plane switching mode LCD device, the light 
is transmitted so that a white state is displayed. Since there are liquid crystal molecules 
positioned where the electric field divides adjacent to the common electrode 13 and the pixel 
electrode 15, it is difficult to move the liquid crystal molecules to the predetermined direction by 
applying the voltages to the electrodes. Thus, in the display mode, disinclination generates at the 
portions of the electrodes where the electric field divides. To address this disinclination, the 
common electrode 13 and the pixel electrode 15 are formed of metal or ITO/metal alloy to 
prevent light leakage through the common electrode 13 and the pixel electrode 15. 
[0030] However, the related art In-Plane switching mode LCD device has the following 
disadvantages. In the related art In-Plane switching mode LCD device, the liquid crystal is 
driven by the electric field parallel to the lower and upper substrates between the common 
electrode and the pixel electrode. At this time, the common electrode and the pixel electrode are 
formed on any one of the lower and upper substrates. Accordingly, the electric field parallel to 
the lower and upper substrates is only generated adjacent to the one substrate having the 
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common and pixel electrodes thereon. That is, in order to drive the liquid crystal molecules 

adjacent to the other substrate having no common and pixel electrodes thereon, it is necessary to 

greatly increase voltage difference to the common and pixel electrodes, thereby causing the 

problem of increase in power consumption. 

SUMMARY OF THE INVENTION 
[0031] Accordingly, the present invention is directed to an In-Plane switching mode liquid 

crystal display (LCD) device and a method of manufacturing the same that substantially obviates 

one or more problems due to limitations and disadvantages of the related art. 

[0032] An object of the present invention is to provide an In-Plane switching mode LCD 

device and a method of manufacturing the same for decreasing power consumption. 

[0033] Additional advantages, objects, and features of the invention will be set forth in part in 

the description which follows and in part will become apparent to those having ordinary skill in 

the art upon examination of the following or may be learned from practice of the invention. The 

objectives and other advantages of the invention may be realized and attained by the structure 

particularly pointed out in the written description and claims hereof as well as the appended 

drawings. 

[0034] To achieve these objects and other advantages and in accordance with the purpose of 
the invention, as embodied and broadly described herein, an In-Plane switching mode liquid 
crystal display (LCD) device includes: lower and upper substrates; gate and data lines crossing 
each other on the lower substrate to define a pixel region; a plurality of first common electrodes 
diverging in the pixel region at fixed intervals; a first pixel electrode in the pixel region between 
the first common electrodes; second common electrodes and second pixel electrodes on the 
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upper substrate respectively corresponding to the first common electrodes and the first pixel 
electrodes on the lower substrate; and a liquid crystal layer between the lower and upper 
substrates. 

[0035] In another aspect, a method for manufacturing an In-Plane switching mode liquid 

crystal display (LCD) device includes the steps of preparing lower and upper substrates; forming 

gate and data lines crossing each other on the lower substrate to define a pixel region; forming a 

plurality of first common electrodes diverging in the pixel region at fixed intervals; forming a 

first pixel electrode in the pixel region between the first common electrodes; forming a second 

common electrode on the upper substrate corresponding to the first common electrode; forming a 

second pixel electrode on the upper substrate corresponding to the first pixel electrode; and 

forming a liquid crystal layer between the lower and upper substrates. 

[0036] It is to be understood that both the foregoing general description and the following 

detailed description of the present invention are exemplary and explanatory and are intended to 

provide further explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0037] The accompanying drawings, which are included to provide a further understanding of 

the invention and are incorporated in and constitute a part of this application, illustrate 

embodiment(s) of the invention and together with the description serve to explain the principle of 

the invention. 

[0038] FIG. 1 is an exploded perspective view illustrating a general twisted nematic (TN) mode 
LCD device of the related art. 
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[0039] FIG. 2 is a cross-sectional view illustrating electric field and alignment direction of 
liquid crystal in a related art In-Plane switching mode LCD device. 

[0040] FIG. 3 A and FIG. 3B illustrate alignment direction of liquid crystal when a voltage is 
turned on/off in a related art In-Plane switching mode LCD device. 

[0041] FIG. 4A and FIG. 4B illustrate electric field according to arrangement of respective 
electrodes. 

[0042] FIG. 5 is a plane view illustrating a related art In-Plane switching mode LCD device. 
[0043] FIG. 6A and FIG. 6B are cross-sectional views illustrating alignment of liquid crystal 
before and after applying a voltage on the line I-F of FIG. 5. 

[0044] FIG. 7 is a schematic view illustrating electric field when applying a voltage to 
respective electrodes in arrangement of common and pixel electrodes on each of lower and upper 
substrates of an In-Plane switching mode LCD device according to an embodiment of the 
present invention. 

[0045] FIG. 8 is a plane view illustrating the lower substrate of the In-Plane switching mode 
LCD device according to an embodiment of the present invention. 

[0046] FIG. 9 is a perspective view illustrating the common and pixel electrodes formed on 
both of the lower and upper substrates of the In-Plane switching mode LCD device according to 
an embodiment of the present invention. 

[0047] FIG. 10 is a cross-sectional view illustrating alignment of liquid crystal when applying a 
voltage on the line IMF of FIG. 8. 

[0048] FIG. 1 1 is a plane view illustrating Ag dot formed on the upper substrate of the In-Plane 
switching mode LCD device according to an em bodiment of the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 
[0049] Reference will now be made in detail to the preferred embodiments of the present 
invention, examples of which are illustrated in the accompanying drawings. Wherever possible, 
the same reference numbers will be used throughout the drawings to refer to the same or like 
parts. 

[0050] Hereinafter, an In-Plane switching mode liquid crystal display (LCD) device according 
to the present invention and a method of manufacturing the same will be described with 
reference to the accompanying drawings. 

[0051] FIG. 7 is a schematic view illustrating an electric field when applying a voltage to 
respective electrodes in an arrangement of common and pixel electrodes on each of lower and 
upper substrates of an In-Plane switching mode LCD device according to an embodiment of the 
present invention. 

[0052] As shown in FIG. 7, the In-Plane switching mode LCD device according to an 
embodiment of the present invention includes a lower substrate (not shown), an upper substrate 
(not shown), and a liquid crystal layer (not shown). A first common electrode 130 and a first 
pixel electrode 150 are formed on the lower substrate with a predetermined gap therebetween. A 
second common electrode 230 and a second pixel electrode 250 are formed on the upper 
substrate in correspondence with the first common electrode 130 and the pixel electrode 150 of 
the lower substrate. A liquid crystal layer is formed in the gap between the lower and upper 
substrates. Accordingly, the common and pixel electrodes are formed on each of the lower and 
upper substrates, whereby an electric field parallel to the lower and upper substrates is generated 
at a lower surface of the upper substrate and an upper surface of the lower substrate. That is, 
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even though a voltage difference is decreased between the common electrodes 130/230 and the 
pixel electrodes 150/250, liquid crystal molecules are uniformly arrange throughout the liquid 
crystal in a region between the upper and lower substrates. 

[0053] FIG. 8 is a plane view illustrating the lower substrate of the In-Plane switching mode 
LCD device according to an embodiment of the present invention. FIG. 9 is a perspective view 
illustrating the common and pixel electrodes formed on both of the lower and upper substrates of 
the In-Plane switching mode LCD device according to an embodiment of the present invention. 
FIG. 10 is a cross-sectional view illustrating an alignment of liquid crystal when applying a 
voltage on the line IMF of FIG. 8. FIG. 1 1 is a plane view illustrating Ag dot formed on the 
upper substrate of the In-Plane switching mode LCD device according to an embodiment of the 
present invention. 

[0054] As shown in FIG. 8 to FIG. 1 1, the In-Plane switching mode LCD device according to 
an embodiment of the present invention includes a lower substrate 100, an upper substrate 200 
facing the lower substrate 100, and a liquid crystal layer 300 formed between the lower substrate 
100 and the upper substrate 200. 

[0055] Referring to FIG. 8, gate lines 1 10 and data lines 120 are formed on the lower substrate 
100. The gate lines 1 10 and data lines 120 cross each other and define a pixel region. A first 
common line 135 is formed on the lower substrate 100 passing through the pixel region and in 
parallel with the gate line 1 10. In addition, a plurality of first common electrodes 130 that 
diverge from the first common line 135 are formed in the pixel region. 

[0056] A thin film transistor (TFT) is formed adjacent to where the gate line 1 10 and the data 
line 120 for the pixel region cross. A first pixel electrode 150, which is parallel to the first 
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common electrode 130, is connected to a drain electrode 120b of the thin film transistor TFT. 
Also, the first pixel electrode 150 is formed in the pixel region at a predetermined interval with 
the first common electrode 130. 

[0057] A common voltage is applied from an external common voltage driver to the first 
common line 135. When a gate pulse is applied to the gate line 1 10 through the thin film 
transistor TFT, a data signal of the data line 120 is applied to the first pixel electrode 150. In this 
respect, when the common voltage is applied to the first common electrode 130 along with the 
voltage signal being applied to the first pixel electrode 150, an electric field parallel to the lower 
and upper substrates is generated between the first common electrode 130 and the first pixel 
electrode 150, thereby driving the liquid crystal. 

[0058] The thin film transistor TFT includes a gate electrode 1 10a, a gate insulating layer (for 
reference, 4 105' of FIG. 10), a semiconductor layer 180, a source electrode 120a and a drain 
electrode 120b. The gate electrode 1 10a projects from the gate line 1 10. The gate insulating 
layer is formed on an entire surface of the lower substrate 1 10 including the gate electrode 1 10a. 
The semiconductor layer 180 is formed on the gate insulating layer above the gate electrode 
1 10a. The source electrode 120a projects from the data line 120 and is formed at a 
predetermined interval from the drain electrode 120b. Also, the source electrode 120a and the 
drain electrode 120b are formed at both sides of the semiconductor layer 180. The drain 
electrode 120b of the thin film transistor TFT is connected with the first pixel electrode 150. 
[0059] As shown in FIG. 9, the upper substrate 200 includes the second common electrode 230 
and the second pixel electrode 250, which respectively correspond to the first common electrode 
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130 and the first pixel electrode 150 formed on the lower substrate 100. The second common 
electrode is connected to a second common line 235. 

[0060] Referring to FIG. 10 3 the gate line ( £ 1 10' of FIG. 8) and the gate electrode ( c 1 10a' of 
FIG. 8) are formed on the lower substrate 100. Then, the gate insulating layer 105 is formed on 
the entire surface of the lower substrate 100 including the gate line. Subsequently, the 
semiconductor layer ('180' of FIG. 8) and the data line 120 are formed on the gate insulating 
layer 105 perpendicular to the gate line. Also, a first insulating layer 140 is formed on an entire 
surface of the lower substrate including the data line 120. The first common electrode 130 is 
formed on the first insulating layer 140 in parallel to the data line, and a passivation layer 160 is 
formed on the entire surface of the lower substrate including the first common electrode 130. 
Then, the first pixel electrode 150 is formed on the passivation layer 160 between the respective 
first common electrodes 130. 

[0061] On the upper substrate 200, a black matrix layer 210 is formed corresponding to specific 
regions of the lower substrate except for the pixel regions, thereby preventing light leakage in the 
specific regions. Also, a color filter layer 220 is formed to obtain R/G/B color throughout the 
pixel regions. Then, the second common electrode 230 is formed on the color filter layer 220 
corresponding to the first common electrode 130 of the lower substrate 100. Then, a second 
insulating layer 240 is formed on an entire surface of the upper substrate 200, including the 
second common electrode 230. The second pixel electrode 250 is formed on the second 
insulating layer 240 corresponding to the first pixel electrode 150 of the lower substrate. 
[0062] The second pixel electrode 250 of the upper substrate 200 is electrically connected with 
the first pixel electrode 150 of the lower substrate 100 through a conductive bar 260, such that a 
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data voltage applied via the drain electrode 120b of the thin film transistor TFT is applied to both 
the first pixel electrode 150 and the second pixel electrode 250 uniformly. 
[0063] As shown in FIG. 1 1, the first and second common electrodes (not shown) of the lower 
substrate 100 and the upper substrate 200 are respectively connected with the first common line 
135 and the second common line 235. Ag dots 270 are formed at the outermost portions of the 
first common line 135 or second common line 235 so that a common voltage signal applied from 
an external common voltage driver is simultaneously applied to the first and second common 
electrodes. FIG. 1 1, Ag dots 270 are formed on the second common line 235 of the upper 
substrate 200. 

[0064] Hereinafter, a method for manufacturing the In-Plane switching mode LCD device 
according to an embodiment of the present invention will be described with reference to FIG. 8 
to FIG. 11. 

[0065] First, a metal layer is formed on the lower substrate 100, and then selectively etched, 
thereby forming the gate line 110 having the gate electrode 1 10a. The gate insulating layer 105 
is then formed on the entire surface of the lower substrate 100 including the gate line 110. 
Subsequently, the semiconductor layer 180 is formed on the gate insulating layer 105 above the 
gate electrode 1 10a. A metal layer is then formed on the gate insulating layer 105, and 
selectively etched, thereby forming the source electrode 120 a and the drain electrode 120b at 
both sides of the semiconductor layer 180, and the data line 120. The gate lines 1 10 and the data 
lines 120 are formed of either Cu, Cr, Mo, Al, Ti, Ta, or an Al alloy, such as AINd. 
[0066] Next, the first insulating layer 140 and a metal layer are formed on the entire surface of 
the lower substrate 100, including the data line 120, and then are selectively etched. Thus, the 
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first common line 135 is formed to be in parallel with the gate line 110. Simultaneously, a 
plurality of first common electrodes 130, diverging from the first common line 135, are formed 
to be in parallel with the data line 120. At this time, the first common line 135 and the first 
common electrode 130 can be simultaneously formed of the same material as that of the gate or 
data line when forming the gate line 1 10 or the data line 120. In FIG. 10, the first common line 
135 and the first common electrode 130 are formed on a different layer than the gate line 1 10 and 
the data line 120. 

[0067] A passivation layer 160 is formed on the entire surface of the lower substrate, including 
the first common electrode 130, and then selectively etched, thereby forming a contact hole (not 
shown) for exposing the drain electrode 120b. The passivation layer 160 is formed of the same 
material as the first insulating layer 140, such as photoacryl or BenzoCycloButene (BCB), or 
organic insulating layer having a low dielectric constant, such as polyamide compound. The 
organic insulating layer having the low dielectric constant prevents vertical electric fields 
between the gate line 110, data line 120 or the first common electrode 130, thereby controlling 
crosstalk. 

[0068] Subsequently, a transparent metal layer is formed on the entire surface of the lower 
substrate, and then selectively etched. Thus, the first pixel electrode 150 is connected with the 
drain electrode 120b. Also, the first pixel electrode 150 is formed in the pixel region. The first 
pixel electrode 150 is parallel to the first common electrodes 130 and is positioned between the 
respective first common electrodes 130. 

[0069] Next, the conductive bar 260 is formed at one side of the diverged pattern of the first 
pixel electrode 150. The conductive bar 260 is formed at a height corresponding to a cell gap 
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between the lower and upper substrates. In this state, the conductive bar 260 is formed in a 
cylindrical shape or a shape suitable for connecting the lower substrate 100 and upper substrate 
200 to each other. Also, the conductive bar 260 can be formed in a manner similar to a method 
for forming a conductive spacer. The conductive bar 260 is formed of a conductive material, 
such as Ag, Al or AINd. 

[0070] When forming the conductive bar 260, the conductive bar 260 should have proper 
correspondence with both the first pixel electrodes 150 and the second pixel electrodes 250. In 
the process for bonding the lower substrate 100 and the upper substrate 200 to each other, the 
pixel electrodes 150/250 of the lower substrate 100 and the upper substrate 200 are aligned 
correctly, whereby the same voltage is applied thereto. Next, the process for forming the upper 
substrate 200 facing the lower substrate 100 can be carried out. 

[0071] First, the black matrix layer 2 10 is formed on the upper substrate 200 corresponding to 
specific regions except for the pixel regions of the lower substrate 100, thereby preventing light 
leakage through the specific regions. Also, the color filter layer 220 is overlapped with the 
respective pixel regions and the black matrix layer 210 to obtain R/G/B color. Subsequently, the 
second common electrode 230 is formed that will correspond to the first common electrode 130 
of the lower substrate 100. Then, the second insulating layer 240 is formed on the entire surface 
of the upper substrate 200. 

[0072] After that, the second pixel electrode 250 is formed on the second insulating layer 240 
corresponding to the first pixel electrode 150 of the lower substrate 100. At this time, the 
first/second common electrodes 130/230 and the first/second pixel electrodes 150/250 are 
formed of indium oxide, zinc oxide, indium-tin-oxide, tin-antimony-oxide, zinc-aluminum- 
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oxide, or indium-zinc-oxide. However, the first/second common electrodes 130/230 and the 
first/second pixel electrodes 150/250 may be formed of either Cu, Cr, Mo, Al, Ti, Ta, or Al alloy, 
such as AINd. 

[0073] Unlike the liquid crystal between the common electrode and the pixel electrode, the 
liquid crystal adjacent to the first/second pixel electrodes 150/250 or the first/second common 
electrodes 130/230 positioned on the lower and upper substrates 100 and 200 has the alignment 
direction that is not changed easily according to the voltage. In an In-Plane switching mode 
LCD device that is a Normally Black mode, after applying the voltage, the liquid crystal adjacent 
to the respective electrodes is not aligned at the parallel direction to the lower and upper 
substrates. Thus, the portion adjacent to the electrode becomes a non-transmission region. In 
this respect, it is preferable to form the pixel electrodes 150/250 of metal as well as the common 
electrodes 130/230 of metal for prevention of light leakage. 

[0074] After completing the process for forming the lower substrate 100, an alignment layer 
(not shown) is additionally formed on the uppermost surface of the lower substrate 100. At this 
time, since the conductive bar 260 is formed to have a thickness corresponding to the cell gap, 
the material of the alignment layer moves down at both sides of the conductive bar 260. Thus, 
the pixel electrodes 130/150 of the substrates are in contact with each other through the 
conductive bar 26 without an additional contact process. 

[0075] The part of the first common line 135 or second common line 235 having the Ag dot 
270 is on an outermost portion of each substrate. That is, when forming the alignment layer, the 
alignment material is printed inside of the outermost portion in the substrate so as to control the 
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contact of the first common electrode 130 and the second common electrode 230 with the AG 
dot. 

[0076] As mentioned above, after completing formation of the conductive bar 260 and Ag dot 
270 on the lower substrate 100 and the upper substrate 200, the lower substrate 100 and the 
upper substrate 200 are bonded to each other by sealant formation and alignment process. Then, 
the liquid crystal layer 300 is formed between the lower and upper substrates. More particularly, 
before bonding the lower and upper substrates to each other, the liquid crystal is dispersed on the 
lower or upper substrate 100 or 200. After that, the lower and upper substrates are bonded to 
each other. 

[0077] Accordingly, the first common electrode 130 and the first pixel electrode of the lower 
substrate correspond respectively to the second common electrode 230 and the second pixel 
electrode 250 of the upper substrate. When the same voltage signal is applied to the respective 
common and pixel electrodes formed on the lower and upper substrates, an electric field parallel 
to the lower and upper substrates is generated. As compared with the electric field in the related 
art forming the common and pixel electrodes on any one substrate of the lower and upper 
substrates, the electric field of the present invention is more uniform. Also, it is possible to 
obtain the electric field parallel to the lower and upper substrates with a small voltage difference 
between the common electrodes and the pixel electrodes. Accordingly, the liquid crystal is 
driven with smaller voltages, thereby decreasing power consumption. 

[0078] The data voltage is applied to both pixel electrodes 150 and 250 via the drain electrode 
120b of the thin film transistor TFT. The common voltage is applied to the both common 
electrodes 130 and 230 from the external common voltage driver. Thus, the liquid crystal is 



l-WA/2161690.2 



23 



driven by the electric field according to the voltage difference between the data voltage and the 
common voltage. 

[00791 As mentioned above, the In-Plane switching mode LCD device according to an 
embodiment of the present invention and the method of manufacturing the same has the 
following advantages. 

[0080] First, the common and pixel electrodes are formed on both the lower and upper 
substrates in the same manner and shape. Thus, when applying the data voltage, the electric field 
is parallel to the lower and upper substrates through the liquid crystal layer, thereby decreasing 
the driving voltage. Further, the liquid crystal is stably aligned in the parallel direction to the 
lower and upper substrates with the low common driving voltage. 
[0081] Second, the common and pixel electrodes formed on both the lower and upper 
substrates are formed of metal, thereby preventing light leakage. 

[0082] Third, the respective pixel electrodes of the lower and upper substrates are connected to 
each other through the conductive bar formed on the pixel electrode of the lower substrate. Also, 
the respective common electrodes of the lower and upper substrates are connected to each other 
through Ag dot formed in the outermost portion of the common line for applying the voltage. 
That is, it is possible to apply the voltage to the pixel electrodes and the common electrodes 
formed on both the upper substrate without formation of the additional driver. 
[0083] Fourth, the conductive bar serves as a spacer for maintaining the cell gap between the 
lower and upper substrates. Thus, it is possible to omit the process for forming a spacer. 
[0084] It will be apparent to those skilled in the art that various modifications and variations 
can be made in the present invention. Thus, it is intended that the present invention covers the 
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modifications and variations of this invention provided they come within the scope of the 
appended claims and their equivalents. 
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